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OBSERVATIONS ON ELECTRICAL MEASUREMENTS OF
THRESHOLD SENSIBILITY OF THE SKIN WITH
SQUARE-WAVE CURRENT*
HARRY SIGEL, M.D.
Threshold stimulation of the skin by means of square-wave current has been
under investigation for the past five years (7, 8, 9, 10). Square-wave current
produces repetitive electrical impulses, the frequency, duration and strength of
which can be readily controlled and measured. The responses to minimal stimu-
lation of the skin with these electrical impulses have been found (10) to be quite
characteristic within certain limits of frequency, duration and voltage. With
fixed frequency of 50 cycles per second, threshold stimulation of the skin with
minimal threshold voltage will produce a characteristic vibratory or prickly re-
sponse if the duration of each impulse is less than 10 milliseconds (msec). The
minimal threshold voltage rises characteristically as the impulse durations are
decreased below 10 msec. When the minimal threshold voltage is plotted against
impulse duration a typical hyperbola is invariably obtained (Fig. 1, C-C'). This
type of curve is also found universally on electrical stimulation of neuromuscular
tissue and is familiar to physiologists as the curve of excitability. Inasmuch as
Lapicque (5) based his concept of rheobase and chronaxie on the curve of ex-
citability it was thought that in addition to strength-duration readings, a similar
methodology could also be used for cutaneous measurements of threshold sensi-
bility (10).
Electrical threshold stimulation of the skin is essentially threshold stimulation
of the prick receptors which lie just below the epidermis, inasmuch as these nerve
endings, as described by Bishop (1), have the lowest threshold of the cutaneous
sensory receptors to electrical stimulation.
The cutaneous response to repetitive electrical stimulation at any fixed im-
pulse duration depends principally on the strength of the stimulus (voltage)
and the physiological state of the nervous system. As the current passes through
the skin, the strength of the stimulus is altered by the electrical skin resistance
which in turn is influenced by such variables (3) as temperature, humidity and
amount of sweating as well as epidermal thickness. Cormia (2) and Hardy and
Furer (3) found that resistance levels varied greatly from subject to subject
and in the same subject. It is thus clear that minimal threshold voltage readings
influenced as they are by electrical skin resistance may also be expected to vary
from subject to subject and in the same subject.
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FIG. 1. Graph of a typical case. V1O—7.5V; V1—7.5V; V.1—boy; T—.04 msec (minimal
threshold duration at twice V10); C-C'—curve of excitability.
TECHNIC AND APPARATUS
The subject is placed on an examining table, relaxed and supine. The active
electrode, which consists of a curved EKG arm electrode padded with saline-
moistened gauze, is applied to the normal skin of the volar surface of the upper
forearm where hair is minimal, and kept in place with the wide perforated rubber
band that is customarily used with the EKG electrode. Very little tension is ap-
plied to the rubber band so as not to crease or depress the skin. The indifferent
electrode consists of a large piece of lead-tin material similarly padded and ap-
plied to the homolateral leg.
The source of the electrical square-wave impulse is a Grass model S-4 stimu-
lator which had been calibrated to within accuracy for each parameter.
Frequency is permanently fixed at 50 c.p.s. Readings are taken at the following
settings of the apparatus for each subject:
1. Minimal voltage determined at 10 msec. impulse duration (Yb). This corre-
sponds to "rheobase".
2. Minimal voltage determined at 1 msec. impulse duration (Vi).
3. Minimal voltage determined at 0.1 msec. impulse duration (V2).
4. Minimal duration determined at twice V10 voltage (T). This corresponds
to "Chronaxie".
Threshold voltage readings are obtained at the desired impulse duration by
setting the voltage below threshold level. Voltage is then rapidly increased (about
1 volt per sec.) until a characteristic vibratory or prickly sensation is first per-
ceived by the subject in the area covered by the active electrode. Next, the volt-
age is decreased until sensation disappears, and increased again, this time more
slowly to ascertain the minimal voltage required to produce threshold sensation.
The T ("chronaxie") reading is determined similarly by setting the voltage
at twice Yb. The duration is then set below threshold (usually at 0.01 msec.)
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and rapidly increased, as above with voltage, until the initial response is obtained.
The entire process may have to be repeated several times in questionable read-
ings.
THE SENSIBILITY THRESHOLD INDEX (s'ri)
The primary object of this investigation was to find a measure of sensibility
threshold least affected by the inherent variations of the method. The simplest
measure of threshold stimulation is the strength-duration measurement. Three
minimal threshold voltage readings were thus taken on each individual at dura-
tions of 10 msec., 1.0 msec., and 0.1 msec. duration (as described in the technic)
respectively. In order to determine the extent of individual variation, the read-
ings in 15 individuals were repeated after 30 minutes (Table 1). This data mdi-
TABLE 1
Electrocutaneous readings in 15 cases, with "b" readings taken 30 minutes after "a" readings
The average difference in V.1 readings is slightly greater than that of the V1O and Vi
readings respectively. However, the ratio of the average difference to the average voltage
(per cent of average difference) is considerably less for the V.1 readings.
C N Test V1O Duff Vi Duff V.1 Duff Tase ° Order (1) (2) (3) (4) (5) (6) (7)
1 a 4.0 2.0 6.0 1.0 9.5 0.5 0.2
b 2.0 5.0 9.0 1.0
2 a 6.5 2.0 8.0 1.0 10.5 0.5 0.065
b 4.5 7.0 10.0 0.12
3 a 5.0 2.0 6.5 2.0 9.5 2.5 0.08
b 7.0 8.5 12.0 0.06
4 a 9.0 0.5 9.0 0.5 12.0 0.5 0.04
b 8.5 8.5 11.5 0.045
5 a 10.0 3.0 16.0 3.0 20.0 4.0 0.07
b 13.0 13.0 16.0 0.035
6 a 7.0 0 7.0 1.0 9.0 2.0 0.05
h 7.0 8.0 11.0 0.055
7 a 7.0 0.5 7.0 2.5 10.0 0 0.045
b 6.5 9.5 10.0 0.06
8 a 4.5 2.5 6.0 1.5 10.0 0 0.14
b 7.0 7.5 10.0 0.04
9 a 2.5 4.5 4.5 5.5 10.5 5.5 0.70
b 7.0 10.0 16.0 0.10
10 a 10.5 1.0 11.0 2.0 15.0 3.0 0.05
b 11.5 13.0 18.0 0.05
11 a 4.6 1.0 5.0 0.5 13.5 2.5 0.30
b 3.0 4.5 11.0 0.25
12 a 5.0 0.5 5.6 0 10.0 0.5 0.09
b 4.5 5.0 9.5 0.10
13 a 6.5 1.5 8.5 0 10.5 0 0.06
b 5.0 8.5 10.5 0.095
14 a 10.0 2.5 12.0 4.5 14.G 4.5 0.04
h 7.5 7.5 9.5 0.06
15 a 4.5 0.5 5.0 0.5 6.5 2.0 0.05
b 5.0 5.5 8.5 0.06
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SUMMARY TABLE 1
Av. Volts Av. Duff. % of Av. Duff.
V1O 6.5V 1.6V
Vi 7.75 1.7V
V.1 11.43V 1.87V
cates (summary of Table 1) that although the average difference of minimal
threshold voltage was somewhat greater at 0.1 msec. duration, the ratio of the
average voltage difference to the average voltage (per cent of average varia-
tion) was the lowest at 0.1 msec. duration (±16%). It was concluded from this
that the V.1 readings tend to be least affected by the inherent variation of the
methods.
When the duration of T exceeds 0.15 msec. it tends to become inaccurate.
Figure 1 shows that as T exceeds 0.15 msec. it falls on the almost horizontal por-
tion of the curve of excitability so that changes in this area are not apt to be
critical.
Similarly the curve of excitability tends to become steep below impulse dura-
tions of 0.1 msec. (Fig. 1, C-C"). This steepness is accentuated with V.1 readings
greater than 15 volts. With the flattening of the curve in this area, V.1 readings
greater than 15 volts also begin to lose accuracy.
Accurate sensibility threshold readings are thus most apt to be found below
15 volts for V.1 readings and below 0.15 msec. for T readings when the rheo-
base-chronaxie methodology is employed.
In a previous report (10) it was noted that there was a tendency for the V.1
values to equate with V10 and T readings (rheobase-chronaxie method) accord-
ing to the following equation:
(V10)2 X T (\)2 x 0.1
This was consistently noted also in these studies. The equation may be sim-
plified as follows:
\/(V10)2 x T = 0.15 V.1
These equivalents are important for the reason that the entire test is a sub-
jective one and errors of interpretation on the part of the subject and investiga-
tor tend to occur. These formulae provide an objective check on the readings
obtained. They are also of use as substitutes for each other when the value of
V.1 or of T exceeds the critical value for accuracy (Table 2).
For the rest of the study the following convention was then employed in meas-
uring sensibility thresholds of the skin:
1) The sensibility threshold index (STI) was the value of 0.15 Vi.
2) When V.1 exceeds iS volts, the value for /(V 10)2 X T is used instead.
3) When the values for V.1 and T both exceed the critical value for accuracy
the readings were discarded, and the test repeated.
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TABLE 2
Sensibility threshold indexes computed from readings in Table 1
Indices obtained with \/(V1o)2 X T corresponds closely with those obtained with V.15
V.1.
Case No. Test Order x T O.15V.1 STI
1 a 2.0* 1.5 1.5
b 2.0* 1.5 1.5
2 a 1.5 1.5 1.5
b 1.5 1.5 1.5
3 a 1.5 1.5 1.5
b 1.5 2.0 2.0
4 a 2.0 2.0 2.0
b 2.0 1.5 1.5
5 a 2.5 3.Of 2.5
b 2.5 2.5f 2.5
6 a 1.5 1.5 1.5
b 1.5 1.5 1.5
7 a 1.5 1.5 1.5
b 1.5 1.5 1.5
8 a 1.5 1.5 1.5
b 1.5 1.5 1.5
9 a 1.5 1.5 1.5
b 2.5 2.5t 2.5
10 a 2.5 2.5 2.5
b 2.5 2.5t 2.5
11 a 2.0 2.0 2.0
b 1.5 1.5 1.5
12 a 1.5 1.5 1.5
b 1.5 1.5 1.5
13 a 1.5 1.5 1.5
b 1.5 1.5 1.5
14 a 2.0 2.0 2.0
b 2.0 1.5 2.0
15 a 1.0 1.0 1.0
b 1.5 1.5 1.5
* Indicates that T was greater than 0.15 msec.
Indicates that V.1 was greater than 15 volts.
"Normal" Group
A group of 46 subjects consisting of medical students, nurses and physicians
with normal skin were tested with the described technic. Table 3 shows that the
STI in this group ranged from 1 to 3 with an average of 1.9. When this group was
divided into male and female groups, the STI was found to average 2.13 for
males and 1.73 for females. The difference between the normal male and female
readings was found to be significant at the one per cent level on statistical analy-
sis with the ranking test method described by White (11). It was concluded from
this data that males tend to have a higher sensibility threshold than females.
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TABLE 3
Range and distribution of STI determinations in 46 "normal" subjects
Number of Cases
Sensibility threshold
index
1.0 1.5 2.0 2.5 3.0
1 3 7 8 1
698 12
Total
Male
20
Total
Fern.
26
Average
Male Fern.
2.13
1.73
Total
Cases
46
Average
Cases
1.92
Male
Female
TABLE 4
Group of dermatoses
Range and distribution of STI determinations in 256 dermatology patients.
Male
Female
Number of Cases
Average STI
2.23
1.56
Sensibility threshold index
.05
2
1.0
6
46
1.5
20
58
2.0 2.5 3.0
35 15 15
38 11 3
3.5
4
4.0
4
Total
98
158
All cases 2 52 78 73 26 18 4 4 256 1.90
Comment
The question may well be raised at this point as to whether the difference in
STI between the sexes is a true difference in skin tissue excitability or whether
it is due simply to a difference in epidermal thickness. This question can hardly
be resolved without doing a large number of normal skin biopses from both sexes
and correlating the measurements of epidermal thickness with the corresponding
STI, a problem which merits investigation. The question of epidermal thickness
also arose in a study by Chapman and Jones (2) on pain thresholds produced by
thermal radiation. These authors found on measuring epidermal thickness from
normal skin biopsies, that the variations in epidermal thickness were not great
enough to significantly affect the pain threshold readings. Furthermore, they
found no significant difference in pain threshold between the sexes. Yet Potilunas,
Meixner and Hardy (5) employing the same technic, found that thicker skin in
general, tends to result in a higher threshold to pain. It appears from this that
there is probably no significant difference in skin thickness between the sexes.
Dermatoloqical Group
It was thought that it would be of interest to determine whether there was any
relationship between the sensibility threshold and diseases of the skin. Thus,
a group of 256 unselected patients attending the Grace-New Haven Hospital skin
clinic were tested as above. The data in Table 4 show that the average STI for
Sensibility Threshold Index
Range and distribution of STI determination in 22 cases of housewives eczema.
Total1.0 1.5 2.0 2.5 Average STI Significance
13 5 4 0 22 1.3 P <5%
this group was 1.92 and the index ranged from 0.5 to 4.0. When divided into
male and female groups, the average STI for males was 2.23; for females 1.56.
There thus appeared no significant difference from the normal group.
The readings were then grouped according to sex and diagnosis. In eleven con-
ditions there were a sufficient number of cases (10 or more) to warrant compari-
sons. These conditions were pityriasis rosea, chronic recurrent dermatitis of the
hands, atopic (allergic) dermatitis, neurodermatitis, contact dermatitis, sebor-
rheic dermatitis, psoriasis, verrucae, fungous infections, acne and pyodermas.
Although pityriasis rosea, atopic dermatitis, neurodermatitis, contact dermatitis
and seborrheic dermatitis showed somewhat lower average thresholds than nor-
mal, these were not found to be significant on statistical analysis. However f e-
males with chronic recurrent dermatitis of the hands (housewives eczema) as a
group fell in the lower range of (Table 5) sensibility thresholds. These figures
were found to be of statistical significance (below the 5 % level in the rank tests)
Comment
The explanation for the low sensibility threshold found in females with chronic,
recurrent dermatitis of the hands is not clear at this time. Here again the possi-
bility exists that these patients happen to have a thinner epidermis. The ques-
tion merits further study.
This finding may obviously have etiologic, diagnostic and therapeutic sig-
nificance. Related to this is also the problem of soaps, detergents and alkalies,
contact with which has been incriminated as a factor in the cause of housewives
eczema. The relationship of contact dermatitis in general to low sensibility
thresholds is also laid open to investigation.
DISCUSSION
In a pilot study of this sort probably the most important results are the
indications for further investigations. In measuring the index of skin sensibility
there is an interplay between electrical skin resistance, skin thickness, and skin
tissue sensibility. To isolate the role of each would be an important contribution.
The clinical finding of low sensibility thresholds in housewives eczema was
entirely unforeseen. Is this an etiological factor or a result of the dermatitis or
merely a casual finding? Other dermatoses should be similarly studied for in-
creased or decreased sensibility. Electrocutaneometry thus offers promising
fields for investigation in dermatology as well as in other branches of medicine.
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TABLE 5
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SUMMARY AND CONCLUSIONS
1. A method was described for measuring skin threshold sensibility with
square-wave current, in which the sensibility threshold index (STI) was derived
from the threshold voltage at 0.1 msec. impulse duration (0.15 V.1).
2. The range and distribution of the STI in a group of "normal" people was
described and it was found that females tend to have a lower STI than males.
3. The range and distribution of the STI in unselected patients with derma-
tological conditions was described and it was found that females with house-
wives eczema tend to have significantly low sensibility thresholds.
4. The problems which require further clarification are discussed and other
avenues of investigation are also proposed.
The author wishes to express his gratitude to Dr. Gilbert H. Glaser in the Section of
Neurology for his valuable critique of this paper and to Dr. Cohn White in the Department
of Medical Statistics for his statistical analysis of the data presented here.
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